Despite recent progress in increasing the world's population with sustainable access to safe drinking water, hundreds of millions still rely on unimproved sources. To improve the quality of drinking water, various household water treatment and safe storage methods have been developed, adopted and promoted as alternative interventions. However, there is paucity of information regarding drinking water quality and prevalence of HWTS practices especially from the users' perspectives in Tanzania. This paper examines users' perceptions on drinking water quality and household water treatment and storage practices in the selected towns of Misungwi, Magu and Lamadi in Northwestern Tanzania. The specific objectives of the study were 1) to examine users' perceptions on drinking water quality, and 2) to identify household water treatment and storage methods used in the study towns. The paper is based on empirical primary and secondary data collected from 417 households, through survey, key informant interviews, observation and documentary review, and analysed for descriptive statistics, chi-square tests and qualitative content analysis. The study found that water supply coverage in the study towns was generally low. Households drew water from various sources, including ones which were not suitable for drinking. This necessitated households to improve the quality of their drinking water through HWTS practices. Although a combination of adequate and inadequate treatment methods was used to improve water quality and aesthetics, prevalence of HWT practices was generally low. Similarly, safe storage was rarely practiced. Therefore, interventions aimed at improving access to domestic water supply should also incorporate elements of water treatment and safe storage at the point of use to contribute to improved health outcomes.
Introduction
Water is essential to sustain life, and adequate, safe and accessible supply must be available to all [1] . Despite recent progress in increasing the world's population with sustainable access to safe drinking water, thus, meeting the Millennium Development Goal 7 target of halving the proportion of the world's population without sustainable access to safe water [2] [3] [4] , hundreds of millions more rely on improved water sources that are nevertheless subject to frequent and extensive microbial contamination [2] . While piped water supply is an important long-term goal for many developing countries, including Tanzania, this remains elusive in many settings. The World Health Organisation shows that nearly 663 million people in the world, mostly in sub-Saharan Africa, still lack access to safe and clean drinking water [4] . Unsafe drinking water along with poor sanitation and hygiene, accounts for nearly 10% of the total burden of diseases worldwide [2] . Diseases that can be transmitted by the waterborne route include cholera, typhoid fever, amoebic and bacillary dysentery and other diarrheal diseases [5] [6]. Recent estimates show that some 842,000 people die each year from diarrhoea because of unsafe drinking water, sanitation and hygiene [4] . In Tanzania, it is estimated that more than 20,000 children die each year due to diarrhea and other water-related diseases [6] .
Safe drinking water is defined as one that does not represent any significant risk to health over a lifetime of consumption, including different sensitivities that may occur between life stages [1] [7] . In other words, this entails water having acceptable quality in terms of its physical, chemical and bacteriological parameters so that it can be safely used for drinking [8] . In accessing the quality of drinking water, users rely principally upon their senses. Microbial, chemical and physical water constituents may affect the appearance, odour or taste of water [1] [9] [10] . Although these substances may have no direct health effects, water which is highly turbid and colored or has some objectionable taste or odour may be regarded by consumers as unsafe [1] [7] . Taste and odour rely on close physiological processes and the originating stimuli can derive from the same substance. The interaction among taste, odour and colour can also be due to psychological factors, as users expect the sensorial information to be consistent.
Consequently, the importance given by water users to drinking water organoleptics (i.e. sensorial information from taste, odour, colour and turbidity) can influence users' perception, satisfaction, willingness to pay and selection of water sources [11] . It is, therefore, important to understand users' perceptions on the drinking water quality to help improve water supply services and satisfaction. Where water sources are likely to be contaminated, drinking water must be treated to improve its quality and prevent waterborne diseases. In the absence of functioning centralized water treatment systems, this responsibility falls to consumers by default [5] . In fact, as Rosa and Clasen note, even tap water supplied to urban dwellers throughout the developing world is often uncertain of microbiological quality due to inadequate treatment or is subject to seasonal or other periodic incursions of microbial contaminants because of failures in the distribution system [2] . Water quality is further compromised by waterborne pathogens during collection, transportation and storage at household level [3] . To improve the microbiological quality of drinking water and prevent water borne diseases, simple and effective household water treatment and safe storage methods are considered as alternative interventions [1] [2] [3] [7] .
The World Health Organisation defines household water treatment methods as a range of devices or methods employed for the purposes of treating water in the home or at the point of use in other settings. These are also known as point-of-use or point-of-entry water treatment technologies. They comprise a range of options that enable individuals and communities to treat collected water or contaminated piped water to remove or inactivate microbial pathogens [7] . Many of these methods are coupled with safe storage of the treated water to preclude or minimize contamination after household treatment, thus, the concept of household water treatment and safe storage (HWTS).
Household water treatment and safe storage have been shown to significantly improve water quality and reduce waterborne infectious disease risks [1] [7] .
Evidence shows that treating water at household level or other point of use reduces the risk of waterborne diseases arising from recontamination during collection, transport and use in the home. It is argued that HWTS reduces exposure to diarrheagenic microbes and delivers the health gains of drinking safe water at lower cost for those not yet served by reliable piped water [2] [4] [12] . The
World Health Organisation shows that HWTS lets people take responsibility for their own water security by treating and safely storing water themselves [13] .
HWTS is also viewed as a simple, self-reliant, local, user friendly and cost-effective way which can be adopted immediately in the homes of poor and vulnerable families to improve their drinking-water quality to significantly improve health and prevent diseases [13] Lamadi along the shores of Lake Victoria in Northwestern Tanzania. The specific objectives of the study are twofold. 1) to examine users' perceptions on drinking water quality, and 2) to identify household water treatment and storage methods used in the study towns. The remainder of the paper is structured as follows. The next section positions the study into the broader theoretical context by explaining the theoretical framework used. This is followed by a description of the study area and methodology, including the design, sample size and sampling procedures, data types, sources and collection methods, and how the collected data were analysed. Then, we present and discuss the findings of the study. In the last section, we draw the key conclusions and recommendations emerging from the study.
Theoretical Framework
Theoretically, the study draws on the users' perspective which posits that people shape and reshape their situation and interact with their environment using their skills, knowledge and experience [15] . Campilan describes users as "actors, who far from being receivers of services, are dynamic individuals and groups with ability to perform a range of activities along the service delivery chain, and demonstrate informed decision making" [16] . In the context of drinking water supply, participation of users in the design, operation and maintenance of service infrastructure and HWTS is regarded as important [17] [18] [19] . Thus, this perspective is relevant in this study because it is used to assess whether and how indeed water users in the study areas take responsibility to improve their drinking water quality by treating and safely storing it. This is important because it helps to focus the study to the "perceived" quality of drinking water from the users' perspectives as opposed to the "technical quality". Further, the household is used as the unit of analysis because it is an arena where much of daily takes place and the centre of processes that determine the welfare of individual members. It is within this arena of everyday life, this basic unit of social organization. 
Materials and Methods
This paper is based on empirical data collected through a survey in the towns of Misungwi, Magu and Lamadi along the shores of Lake Victoria in Northwestern
Tanzania. The main source of domestic water supply in the study towns is Lake Victoria. However, the towns experience acute shortages of domestic water supply mainly due to inadequate water infrastructure, frequent breakdowns because of old depilated infrastructure and lack of water treatment plants [22] [23]
[24]. Thus, if people in these towns want clean drinking water, they must make efforts to purify it in their households.
A cross-sectional design, which entailed collecting data at a single point in time [25] , was employed in this study. Primary and secondary data of quantitative and qualitative nature were collected to adequately address the study objectives. Primary data were gathered from households and officials within the water utilities and district councils in the area whereas secondary data were obtained from relevant documents at district councils and water utilities to complement the primary data.
A combination of purposive and random sampling techniques was used. Purposive sampling was used to select 14 villages and mitaa within the urban centres of the study towns: 5 villages in Misungwi, 5 mitaa in Magu and 4 villages in Lamadi. Most of the selected villages and mitaa were located along the water supply network from the water intakes to town centres and distribution tanks.
Simple random sampling technique was further used to select households within each village/mtaa for the survey because it provides equal chance for households to be involved in the study, thus, reducing biasness and enhancing reliability of the findings [26] .
Since the population of the study towns was large to have an optimum sample size which is manageable and meets the requirements of efficiency, representativeness, reliability and flexibility [25] , a sample size calculator using the Creative Research System was used to determine the sample size. A confidence interval of 5 was used because the higher the confidence interval the higher the accuracy of the answers to be picked and 95% confidence level was used as is commonly used by researchers [27] . Based on this, a sample size of 417 households was selected (Table 1) . From each village or mtaa, a minimum of 30 households 
Results and Discussion

Drinking Water Sources
The survey findings show that, overall, about two thirds of the households collected drinking water from protected dug wells (34%) and public taps/stand pipes (31%). A significantly (p = 0.000) larger proportion of households in Misungwi (62%) than in other towns obtained drinking water from protected dug wells. The main sources of drinking water in Magu were public taps, stand pipes or communal taps (34%) and protected dug wells (31%). In Lamadi, close to two thirds of households (61%) depended on public taps, stand pipes or communal taps, which was significantly (p = 0.000) larger than in other towns. Household connections were generally few and accounted for only 7%, 10% and 4% in Misungwi, Magu and Lamadi, respectively. Water vendors were also an important source of drinking water especially in Magu and Lamadi (5% each) as shown in Table 2 . This shows that water supply coverage in the study towns is low as reflected the low proportions of household connections and public stand pipes [29] . Consequently, households drew water from various sources, some of which were not suitable for drinking and are subject to microbial contamination. This necessitates households to improve the quality of their drinking water mainly through HWTS. Indeed, as others have argued, where drinking water is collected from unprotected sources and in the absence of functioning centralized water treatment systems, this responsibility falls to consumers [5] . According to the World Health Organisation, water users' actions may help to ensure the safety of the water they consume and may also contribute to improvement or contamination of the water consumed by others. They have the responsibility for ensuring that their actions do not have an adverse impact on water quality [7] .
To understand the suitability of water from these sources for drinking, the sources were classified as either "improved" or "unimproved". WHO and UNICEF define improved drinking water sources that by nature of their construction or through active intervention are protected from contamination, particularly faecal matter. These comprise piped household water connections inside the users' dwelling, plot or yard; public taps or stand pipes; tube wells or boreholes; protected dug wells; protected springs and rain water collection [6] .
This definition is also used by the Tanzania national water policy [30] , thus, was adopted in this study.
Overall, more than three quarters of households (77%) used improved drinking water sources and about one quarter (23%) depended on unimproved sources. Significantly (p = 0.000) larger majority of households in Misungwi (87%) than their counterparts in Magu (74%) and Lamadi (67%) collected drinking water from improved sources. One in every three households in Lamadi (33%), just over one quarter in Magu (26%) and slightly above one tenth in Misungwi (13%) relied on unimproved sources ( 
Users' Perceptions of Drinking Water Quality
Water quality can be defined by three broad categories: microbiological, chemical and physical/aesthetic attributes [14] . In this study, the quality of drinking water was measured by using perceived impression of quality of water. The focus was on the "perceived quality" from the users' perspectives as opposed to "technical quality". Overall, more than half of the households (57%) indicated that their drinking water was "clean": 53%, 60% and 60% in Misungwi, Magu and Lamadi, respectively. Another one quarter (25%) reported that water had "some particles", with significantly (p = 0.000) higher proportions in Magu (32%) and Lamadi (32%) than in Misungwi (15%). About 6% of households with about one in ten in Misungwi (10%) indicated that water had "some taste", although this was significantly (p = 0.000) low in Magu (3%) and Lamadi (3%). Few households (4%) with similar proportions across the three towns reported their drinking water having sand (Table 4) . The findings in Table 5 further show that households using improved sources (66%) were significantly (p = 0.000) more likely to perceive their drinking water as "clean" compared to those that used unimproved sources (26%). On contrast, more than half of households collecting drinking water from unimproved sources (53%) opined that their drinking water had some particles and another 17% in the same category reported that their drinking water had sand. About 7%
and 3% of those using improved sources complained of their water having some taste and odour. As WHO points out, changes in the normal appearance, colour or taste of drinking water supply, presence of sand or particles may signal changes in the quality of water source because of pollution, deficiencies in the treatment processes or distribution [1] [7] . Thus, our findings point to the fact that the quality of drinking water in the study towns was not assured. Consequently, households that relied on unimproved sources of drinking water were at risk of drinking contaminated water, which must be treated and safely stored to make it safe for drinking. This reflects WHO's position that in households using non-piped water supplies, appropriate efforts are needed to ensure safe collection, storage and treatment of their drinking-water [7] . We turn to this point in the next sub-section.
Household Water Treatment and Storage Practices
Data on HWT practices were derived from two core questions in the household survey. 1) Do you treat drinking water to make it safer at your household? And if the answer was affirmative, then the second question was asked 2) Which is the most common method for treating drinking water used by your household?
Similar questions are used in national surveys by WHO/UNICEF Joint Monitoring Program (JMP) [2] . The findings show that over half of the households (53%), with a significantly higher proportion in Lamadi (80%) than in other towns reported that they did treat their drinking water before consumption.
However, more than three quarters of households in Misungwi (78%), about one third in Magu (32%) and just over one fifth in Lamadi (21%) did not treat their drinking water. Comparatively, a significantly (p = 0.000) larger proportion of households collecting water from unimproved sources (72%) were treating their water whereas less than half of those obtaining water from improved sources did (Table 6 ). This could possibly be due to users' perception that tap water is generally safe [11] . But, this perception may pose health risks to water users because even tap water is often uncertain of microbiological quality due to inadequate treatment or contamination during collection, transportation and storage
Generally, prevalence of HWT in the study towns is low and does not signifi-
cantly differ from what was observed in the national survey in 2009, which was 50% [31] . Thus, a substantial proportion of households used drinking water which was likely to be contaminated. Of particular concern was the 28% of households collecting drinking water from unimproved sources, yet did not treat it (Table 6 ). This could contribute to water related diseases. Discussions with the District Medical Officers in the three towns revealed that water borne diseases especially diarrhoea, typhoid and worms were among the top ten diseases in these areas. Elsewhere, a comparative study in low and middle-income countries reports as high as 90% of households practicing HWT in countries like Indonesia, Mongolia and Vietnam, but low prevalence of less than 10% in most African countries [2] .
Boiling was the predominant HWT method used by over two thirds of the surveyed households (68%) reporting the practice, with higher proportions in Misungwi and Magu (73%, each) than in Lamadi (61%). Other HWT practices were comparatively less common. Straining through a cloth (overall, 13%) was reported by 27%, 9% and 12% of the households in Misungwi, Magu and Lamadi, respectively. Another 9% of households were "letting water to stand or settle", mostly in Lamadi (27%) than in other towns. The use of water guard or chlorine was reported by 7% of the households, mostly in Lamadi (10%) and Magu (6%), but none in Misungwi. Use of filters was only reported in Magu (7%), but not in other towns. There was no significant association (p = 0.549) between HWT method used and the type of drinking water source (Table 7) .
This shows that households in the study towns used a variety of drinking water treatment methods regardless of the water source.
However, the efficacy of some of these methods in ensuring drinking water Table 6 . Treat drinking water to make it safer by town and water source (n = 417). [7] . Straining through a cloth and allowing water to stand and settle, although help to avoid the particles in the water, have little microbiological efficacy except in special cases and are mainly practiced to improve aesthetics [2] [5] [7] . Thus, careful consideration of the effectiveness of these methods is needed when choosing among these options.
The majority (88%) of those treating their drinking water were doing it "always": 84%, 93% and 85% in Misungwi, Magu and Lamadi, respectively ( Figure 1 ). Table 7 . Household water treatment methods (n = 220). Others said that were "sometimes" treating drinking, water accounting for 16%
in Misungwi, 10% in Lamadi and 5% in Magu. Few respondents did it "often", mostly in Lamadi (5%) and Magu (2%). This shows that most of the households that were treating their drinking knew the importance of doing so and, therefore, did it on daily basis. The findings suggest sustained use of HWT methods among most households practicing these methods, which was likely to contribute to improved health outcomes.
When asked about the reasons for treating drinking water, a significant majority of households (87%), with almost all of them in Magu (96%) and a large majority in Misungwi (87%) and Lamadi (83%) said they did so in order to kill germs. Few households, mostly in Lamadi (13%) treated water to improve taste and another 5% in Misungwi and 3% in Lamadi to remove bad smell (Table 8 ).
This shows that majority of those treating their drinking water were aware of the rationale of doing so, which was mainly to make it clean and safer for drinking by killing germs. The findings also reflect the fact that users treat their drinking water not only to improve quality, but also attach weight to water aesthetics [2] .
In this study, household respondents were also asked about the type of container(s) used to store drinking water. This is important because safe storage helps to minimize contamination after household treatment [7] . Safe storage means the use of a protected container to keep water free from recontamination.
The storage container should have a cover and a narrow mouth or tap/spigot which does not allow dipping of a cup [5] [14] [31] . The findings show that more than one third of the households (35%), with high proportions in Misungwi (40%) and Magu (38%) than in Lamadi (25%) used pails or buckets to store their drinking water. Another 31% of households used drums, with relatively higher proportions in Lamadi (41%) than in Magu (31%) and Misungwi (25%).
About 28% of households, with close to one third in Misungwi (32%), over a quarter in Magu (26%) and 24% in Magu used clay pots (Table 9 ). This shows that almost all households stored their water in containers that did not have tight-fitting lids and narrow mouths to allow users to draw water by pouring [5] .
This partly explains why a substantial proportion of households (42%) used cups and another 22% were dipping their hands to draw water from the storage containers, implying that many did not use safe storage containers to store water in their homes. These practices could be a significant cause of drinking water contamination, thus, undermining the benefits of treating drinking water [34] . Studies in India and Malawi show that replacing unsafe storage vessels with safer ones can lead to lower rates of cholera transmission and less diarrhoea [5] .
Conclusion and Recommendations
The overall conclusions emerging from this study were that there was low water supply coverage in the study towns in terms of household connections and public stand pipes. In turn, households drew water from various sources, including ones which were not suitable for drinking and were subject to microbial contamination. This necessitated households to improve the quality of their drinking water through HWTS practices. Although more than half of the households perceived their drinking water as clean, a substantial proportion was concerned with the taste, odour and presence of particles and sand in it. In other words, even water collected from improved sources was not perceived as safer water for drinking. Although households used a combination of adequate and inadequate treatment methods to improve both the quality and aesthetics of drinking water, prevalence of HWT practices in the study towns was generally low. Further, safe storage of water was also generally low. Therefore, it is recommended that whereas a number of government interventions aimed at improving access to domestic water supply in the study towns are being implemented, such interventions should also incorporate elements of water treatment and safe storage at the point of use in order to contribute to improved health outcomes. This can entail raising water users' knowledge on the importance of and appropriate HWTS methods.
